Spin-dependent charge of quasiparticle clusters in 
quantum Hall effect: Interpret at ion of unsolved data 
of Pan, Stormer, Tsui, Pfeiffer, Baldwin and West. 

Keshav N. Shrivastava 

School of Physics, University of Hyderabad, 
Hyderabad 500046, India 

A state with 2 electons has a charge of 1/2. The states of 3 electrons have quasiparticle 
charge of 4/11 and 5/13; the one with 5 electrons have quasiparticle charges 4/13 and 
6/17. The state with 7 electrons exhibits quasiparticle charges of 5/17 and 12/17. When 
spin is reversed, the charge of three particle state changes from 4/11 to 7/11. These 
predicted results agree with the recent experimental measurements of Pan, Stormer, 
Tsui et al. In addition, we predict a state of charge 3/11, not given in the data. 
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1. Introduction 

Recently, Pan et al [1] have obtained the effective fractional charges of i>= 4/11, 5/13, 
6/17, 4/13, 5/17 and 7/11, the origin of which is unsolved. Last year, we have written 
a book which explains the quantum Hall effect [2]. All of the predicted fractions are the 
same as those found in the experimental measurements of Stormer [3]. Therefore, we 
tried to understand these fractional charges which are given above. Earlier, the effort 
was limited to spin 1/2 only. We now find that if we take clusters of quasiparticles, we 
can generate more values of the fractional charge. When 3, 6 or 8 quasiparticles are taken 
all of the fractional charges are predicted correctly. 

In this paper, we describe the relationship between spin and charge and calculate the 
quasiparticle charge. When spin is reversed, the charge 4/11 changes to 7/11. The 4/11 
and the 7/11 are thus Kramers time reversed states. 

2. Fractional charge 

We have found that the quasiparticle charge depends on spin, s, as, 

which has the odd denominator. If a half fraction comes from the numerator, the de- 
nominator will cease to be odd. When /=0, s=l/2, the above gives the effective charge 
of, 

e^ff = or 1. (2) 

Therefore, for /=0, the quasiparticles can be electrically neutral or they have the charge 
equal to that of the electron. When clusters of electrons are formed, the quasiparticle 
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spin need not be 1/2. Hence, additional values of spin have to be taken into account 
which give a variety of charges. 

Let us consider s—1/2 but two particles. When the pair is a singlet, S—0 means that 
one particle has spin +1/2 and the other spin -1/2, so that the formula (1) for /=0, s=0 
gives, 

^eff/e = -. (3) 

This is strange that /=0, s=0 state has a quasiparticle of charge 1/2. In fact, this value 
of 1/2 although obtained here from nonrclativistic theory, agrees with Jackiw and Rcbbi 
[4] who obtained 1/2 of a fermion in the 1 + 1 dimensions in a relativistic theory. In 
the experimental data on quantum Hall effect, 1/2 an effective charge is quite often 
observed. The state /=0 and s=0, should be superconducting but in the present 
the magnetic field is varied, the state is destroyed. For s=l, we have spin triplets. When 
we substitute /=1, 2 or 3 with s —1, we obtain the fractional charge 1/+ with spin +1 and 
with S—-1 as given below. 

1 1 576 1/6 

2 1 7/10 3/10 

3 1 9/14 5/14 



which have even denominators. For s=3/2, we get, 

/ s z/_ 

1 3/2 i (T 

2 3/2 4/5 1/5 

3 3/2 5/7 2/7 



which has a normal solution with effective charge 1 and a charge- density wave type so- 
lution with charge and one other solution, such as 1/5. Here, it will be sufficient, if 
we can follow those fractions which have been left unsolved by Pan et al[l]. Therefore, 
we tabulate s and and for three, five and seven electrons. The spin is written 
according to Dirac's result so that the electrons have parallel spin due to Coulomb in- 
teraction. For 3 electrons the spin is 3/2, for five electrons it is 5/2 and for 7 electrons 
it is 7/2. We take 1=5, 6 and 8. For positive sign the value of (1) is called and for 
negative sign in (1) we have Therefore the values are as follows: 



/ 


s 




z/_ 


5 


3/2 


7/11 


4/11 


5 


5/2 


8/11 


3/11 


6 


3/2 


8/13 


5/13 


6 


5/2 


9/13 


4/13 


8 


5/2 


11/17 


6/17 


8 


7/2 


12/17 


5/17 
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The z/_ have negative sign in eq.(l) and z/+ have positive sign. Thus the values of 
4/11, 5/13, 4/13, 6/17 and 5/17 belong to clusters of quasiparticles, all of which have 
negative sign and hence spin polarized. The fraction 7/11 has positive sign and hence 
its polarization is opposite to that of 4/11. Indeed, as the magnetic field is rotated, 7/11 
becomes dim or vanishes. This means that the spins tilt when field is rotated. We find 
that the value 1=7 is missing in the above table. That is because 1=7 gives 9/15 and 
6/15 which are the same as 3/5 and 2/5 already known for 1=2. What has happened is 
that the denominator 21+1 becomes factorizable and the effect of spin is to cancell part 
of the value arising from 21+1. For three quasiparticles s=3/2 and 1=7, the same charge 
is found as for s=l/2, 1=2. Thus the effect of the spin is to reduce the orbital value. 
Pan et al[l] find that these sequences do not fit into the standard series. On the other 
hand, it is clear that our formula (1) works better than that of Pan et al and obviously 
agrees with the experimental data. In the table above, we have included 1=5 and s=5/2. 
Therefore, we predict 3/11 for the negative sign and 8/11 for the positive sign. The 3/11 
not yet found in the figure of Pan et al is predicted before observation. It requires slightly 
higher field than is plotted. 

3. Discussions. 

We have previously predicted all of the Stormer's fractional charges correctly by 
using s=+ 1/2. In the present note we realize that clusters of quasiparticles are formed 
so that the spin can be 1, 3/2, 5/2, 7/2, etc. When these values of spin are used the 
fractional charges of 4/11, 5/13, 4/13, 6/17 and 5/17 are predicted in agreement with 
the experimental data of Pan et al. We also predict 3/11 which is not found in the 
experimental data. 

4. Conclusions. 

In conclusion, we find that there are clusters of the same spin as predicted by Dirac's 
results of particles in a Coulomb potential. There are effective charges due to a new 
spin-charge relationship. 
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